Discrete analysis systems are so called because the samples are treated and carried through the major part of the analytical process in separate containers. Such systems can be very simple involving only a diluting module and a colorimeter or be highly sophisticated multichannel machines. Up to the present time laboratory automation (or strictly 'mechanization') has been dominated by the continuous flow systems and discrete systems have not yet had time to establish themselves widely as serious competitors. In this paper I cannot attempt to give an evaluation of individual systems and I shall confine myself to a discussion of general principles and indicate how these systems may differ from one another.
GENERAL PRINCIPLES
Discrete systems fall into two main groups and are shown diagrammatically in Figure 1 . In the continuous discrete system, where samples may be fed into the machine continuously and results obtained continuously, tube transport through the various analytical processes is fully automatic and in the multichannel analysers the tubes are washed automatically before receiving further aliquots of sample. In the discontinuous discrete system the samples are processed in batches with manual transfer of batches from one stage to another.
DILUTION OF SAMPLE The first stage in any analytical system is the addition of sample (blood, serum, or urine) to a diluent or reagent. In a mechanical system the same 'pipette' is used repeatedly and it is necessary to minimize carryover of sample to the following specimen.
In most systems the sample (usually from 20 to 200 ,l) is drawn into the tip of the pipette by the movement of a syringe and at the same time a diluent syringe is filled from a reservoir. The pipette tip is then brought above a receiving tube and the sample discharged and washed out with diluent by emptying the sample and diluting syringes. It has been shown that if the diluent-tosample ratio is at least 5:1, then the amount of sample remaining within the pipette tip will usually be less than 1 % (Widdowson, 1968) .
Thus carryover of sample on the inside of the pipette can be minimized. However, the following It is time consuming to reload large numbers of reaction tubes into their racks for each analytical run and facilities for automatic washing and drying the tubes, as in the Clino-Mak system, are useful.
PROTEIN SEPARATION For the determination of many serum constituents methods are available which do not require the removal of protein.
Many of the discrete systems therefore do not make provision for deproteinization although it will then often be necessary to make blank corrections for tubidity, haemolysis, or jaundice. However, discrete systems which have facilities for protein separation can compete more fully with the continuous flow system (which uses dialysis to remove protein). In the Mecolab system protein precipitant may be added to 15 tubes in a centrifuge head and in the Analmatic up to 100 tubes from the rectangular rack may be transferred quickly to a large centrifuge head. The tubes can then be returned to the rectangular rack without loss of identity, and, using a second diluter, the supernatants may be picked up and discharged with a volume of reagent into recipient tubes (Fig. 3) Carryover between solutions is reduced (usually to less than 1 %) by using the first part of the solution to wash out the cell. An air wash between solutions (as in the EEL automatic colorimeter) may also be helpful in reducing carryover.
In the Clino-Mak system the precalibrated glass reaction cuvettes pass directly into the light path of the photometer. The LKB calculating absorptiometer uses disposable polystyrene cuvettes (less than 2d each) with a throughput of 1,500 cuvettes per hour. In tests on a demonstration model reproducibility was only slightly poorer than that given by the Gilford microspectrophotometer 300 and the method has the advantage that there is no carryover between solutions at this stage.
With the double-beam colorimeters used in the Analmatic and Vickers multichannel 300 blank and test solutions may be aspirated simultaneously into blank and test flow-through cells and the result obtained directly from the difference in optical density.
Flame photometry for sodium and potassium determination presents no special problems and deproteinization is not necessary if the samples are adequately diluted.
PRINTOUT OF RESULT The 'peak-picking' problems of the continuous flow system do not arise, since readings can be made in the steady state at fixed time intervals. In discrete systems most determinations follow Beer's law and after log/linear conversion of the signal and the introduction of a scale factor, a printout of the results can be obtained AUTOCHEMIST1 This is a continuous discrete multichannel analyser (Fig. 4) , in which 3 to 6 ml serum is distributed in racks of six tubes which can be linked together to form a train of, say, 100 samples. These pass into the machine along the outer loading belt to feed, in sequence, three long conveyor belts each having six analytical channels. The serum is dispensed together with reagents into the reaction tubes attached to these conveyor belts. The samples take 50 minutes for processing, including a maximum of 30 minutes' incubation at temperatures up to 500. The colorimeters are fitted with narrow band interference filters. After colorimetry the reaction tubes are automatically washed and drained to receive further sample aliquots. The inner loading belt feeds six short analytical channels (30 minutes at room temperature) with urine or deproteinized solutions.
In the basic version of the AutoChemist only the first sample in each train of samples has automatic identification; the remainder must be in the same order as indicated on the sample list. If automatic identification of individual samples is required additional electronic equipment must be included. An on-line PDP-8 computer collects and processes the data from the analytical procedures and the results are printed out on a teletypewriter in concentration units against patient information. The colorimeters are double-beam instruments using interference filters. Cadmium sulphoselenide photocells give an output which is linear with respect to optical density, simplifying direct calculation of concentration. There are facilities for compensating for deviations from Beer's law. The flame photometer measures sodium, potassium, and calcium using lithium or strontium as an internal standard.
It is proposed that the system will include a PDP-8 computer which will act as a process controller and also collect and analyse the signals from the measuring heads. Results will be printed out on a teletypewriter in concentration units against patient identification taken from the address reader. There are no facilities for deproteinization.
The system will be available as a four, six, or 12-channel machine operating at a rate of 300 samples per hour. It may also be possible to use individual reaction consoles fitted with a sampler plate. No prices are available. Northam, 1966.) Similar advantages and limitations apply to continuous discrete systems. In some discontinuous discrete systems it is not necessary for reactions to go to completion since standards and tests can be maintained at the same temperature for the same length of time by carrying out the diluting, dispensing, and colorimetry sequence at exactly the same rate with the reaction tubes immersed in a constanttemperature bath. However, where prolonged incubation is required, for example, to achieve greater sensitivity, this system is more flexible, since the batch of tubes can be set aside in another water bath leaving the treatment unit free for other determinations.
MECHANICAL RELIABILITY The discrete systems are more complex mechanically than continuous flow systems and it follows that the individual components must be of high quality if they are to function reliably through thousands of cycles. In the continuous flow system the recorder trace can be used to monitor performance of the system as a whole. For example, if insufficient sample has been taken into the flow line this will show as a spiky peak; irregular pumping of reagent lines may be shown by base-line shifts or irregularly shaped peaks; surging in the flow-line will be indicated by varying peak widths, poor mixing by a 'noisy' trace. In the SMA-6/60 and -12/60 models the performance of each channel is continuously monitored and displayed on a cathode ray oscilloscope.
In discrete systems, monitoring the colorimeter signal will give no indication of the performance of the other modules. For example, if the sample syringe only picks up half the correct volume of serum on one cycle and then functions correctly for subsequent cycles there will be no indication 3 that the result is only reading half its true value. The possibility of undetected random errors of this type is in many ways a more serious problem than outright failure of a component which prevents the system from working at all.
Various steps may be taken either to reduce or reveal random errors. The former could be achieved by designing 'fail-safe' syringes with positive mechanical drive in both directions, sufficiently powerful to overcome sticking or cause complete failure of the unit. The extra cost of fitting highprecision pistons and barrels would be fully justified. A preliminary test run each day with a series of standards and control specimens may be necessary to establish that all components are functioning normally.
Random errors would be revealed with a high degree of probability by duplicating each test run, either in parallel or in sequence. This may appear to be extravagant but would be feasible in a high-speed system taking only small volumes of sample and would give a bonus of increased precision for each determination. Computer analysis would be almost essential to calculate the mean values for each pair and to detect differences between duplicates greater than would be expected from the analytical error.
Vickers propose to equip their multichannel 300 with an on-line PDP-8 computer which will not only collect the data and analyse it statistically but will also act as a process controller. The computer will be programmed to monitor vital components and display an error signal in the event of malfunction during any cycle. FUTURE DEVELOPMENTS We are still only at the beginning of the development of automated systems in chemical analysis and the discrete systems available are all based on mechanization of manual procedures. Some of these machines are very large: the 12 reaction consoles of the Vickers multichannel 300 are each as large as washing machines and the AutoChemist weighing four tons is 6 ft wide, 13 ft long, and 9 ft high. Clearly miniaturization, that is, a scaling down of the whole system, would be advantageous if this can be made compatible with good precision and reliability.
Other systems based on novel concepts (the AutoAnalyzer is in this category) may be developed. Dr G. M. Widdowson, at the Presbyterian Hospital, San Francisco, is examining the use of specific electrodes (linked directly to a computer) to give a wide range of analyses on samples of body fluids. LKB Instruments are advanced in the development of micro-calorimeters and coulometers and these may well have applications in automatic analysis 50 B. E. Northam with the advantage that optically clear solutions are not required. Guigan in Paris is investigating the use of a long plastic film containing plastic compartments identified by magnetic strip. After injection of samples and reagents into the compartments the film can be drawn through heating modules to a colorimeter rather like cine film. The coloured solutions are measured directly through the transparent walls of the compartments and it is claimed that readings can be made at a rate of 7,000 samples per hour.
CONCLUSIONS
It seems probable that there will be a need for a range of automatic systems of analysis in the laboratory and that the discrete system will be complementary to the continuous flow system each being used for those determinations for which it is best suited. The large continuous discrete analysers will only be economic in a very large laboratory or in a centralized laboratory serving a group of hospitals.
It must be made quite clear that at present there is little objective information on the performance of discrete systems and intending users are strongly advised to satisfy themselves that a machine can meet their requirements efficiently. It has been found already that instruments that have not been extensively 'field tested' during development may require considerable modification as production models. Manufacturers with confidence in their product might be willing to rent the machine for one year with an option to buy if it proves satisfactory in the users' laboratory (this has been done for the AutoChemist). The Laboratory Equipment and Methods Advisory Group (LEMAG) of the Department of Health and Social Security in Britain will be publishing a schedule for testing automated equipment. There will also be rigorous testing of mechanical and electrical safety and reliability and trials in one or more laboratories.
SUMMARY
The general principles of discrete analysis systems are discussed. Descriptions of discrete analysers have been taken mainly from the manufacturers' literature and it is stressed that there is little objective information available at present on their performance in the hospital laboratory. The potential advantages and disadvantages of discrete analysis systems have been compared with those of continuous flow systems. Future developments are considered briefly.
